The main aspects of democratic system of education are a humanistic approach, individualization, and 
Science education in the context of sustainability
Social and educational realities of our times have caused many science educators worldwide to rethink science education and to propose a renewed culture for school science. The purpose of science education is not to train a tiny fraction of the population who will become the next generation of scientists. According to Wieman (2007) , we need a more scientifically literate populace to address the global changes that humanity faces now and that only science can explain and possibly mitigate global problems, as well as to make wise decisions. Understanding of issues such as global warming, loss of biodiversity, evolution, implications of genetic research, and many other topics is essential, almost a requisite, for personal involvement in the context of sustainable development. Moreover, the modern economy is largely based on science and technology and for it we need technically literate citizens with complex problem solving skills. Sustainability pertains to a balanced interaction between a population and the carrying capacity of an environment such that the population develops to express its DOI: 10.2478/v10099-009-0018-1 full potential without adversely and irreversibly affecting the carrying capacity of the environment upon which it depends (Ben-Eli, 2004) . Sustainable Development (hereinafter SD) is an issue that affects everyone and ultimately the Earth itself. It calls for a fresh vision, a new dream and new approaches for shaping an evolving new reality. Therefore UN Decade of Education for Sustainable Development (DESD) seeks to integrate the values inherent to SD into all aspects of learning. New approach to promoting scientific literacy during science education in secondary school in the context of SD is described here.
Having considered a number of existing descriptions (Aikenhead, 1997; Bybee, 1987; Roberts, 1983; Solomon & Aikenhead, 1994) , the OESD/PISA (2003) defines scientific literacy as follows:
Scientific literacy is the capacity to use scientific knowledge, to identify questions and to draw evidence based conclusions in order to understand and help make decisions about the natural world and the changes made to it through human activity (p.133).
Developing of pupilsí capacities includes not only acquiring the main scientific concepts, comprehending the nature processes from scientific viewpoint, their diversity and commonality, but focusing on promotion of cognitive, communicative, inquiry, and social skills, too.
According to Aikenhead (2005) , only small number of pupils succeed in developing a scientific worldview. The group of pupils who do not see themselves as future scientists, engineers or science teachers do not think as scientists. They experience school science as a foreign culture (Aikenhead, 2005) . Most often, traditional science content is not directly applicable in everyday situations, pupils do not see it as personally significant and their level of motivation is low. The traditional science instructor concentrates on teaching factual knowledge, with implicit assumption that expert-like ways of thinking about the subject comes along for free or are already present.
To promote pupilsí scientific literacy, it is necessary to transform traditional science content: deconstruct and then reconstruct it into knowledge differing from traditional science, namely, to integrated science and find out relevant social and individual context. According to Solomon and Aikenhead (1994) , the pupils strive to understand their everyday experiences. The pupils integrate their personal understandings of their social, artificially constructed, and natural environments and will need to understand the interactions between science, technology, and society. Teaching science through science-technology-society (STS) aims to help the pupils make sense out of their everyday experiences, and does so in the ways that support pupilsí natural tendency to integrate their personal understandings of their social, technological, and natural environments. For future citizens, understanding the interrelationships of science, technology, and society in the context of SD may be more important than understanding the scientific concepts, facts, and laws. This goal, first of all, creates the necessity to find out new approaches to the design of science curriculum and, secondly, asks to ensure the professional development of teachers so that they are able to use a learner-centred and teacher-facilitated approach envisaging multidisciplinary links with science knowledge in daily life and itís importance in SD.
Secondary school natural science curriculum in Latvia historically has been dominated by discipline-based content and during past 50 years it was isolated from student needs, interests, and experiences. The new democratic education system in Latvia has given students an opportunity to choose the educational program in secondary school. It allows educators to develop studentís abilities and interests at their full extent so that they may gain experience for life in a contemporary society. Upon introduction of the possibility to choose the educational program at the beginning of secondary education in school year 1999/2000, the urgent issue was to find the best way for science curriculum implementation for pupils who have selected humanitarian, social, or vocational education programs. Some models such as the Natural Science Education Standard Project or recommended Program prepared by the National Centre of Educational Content and Examination were based on acquiring learning content ñ scientific concepts, facts, laws, some technologies, few theories, which describe natural phenomena. However, such learning content is not significant for young people today because traditional school science attempts to socialize them into a scientific way of thinking and believing.
Integrative and contextual approach to the design of natural science curriculum
Teachers must understand a large disparity between science as a way of cognition and scientific way of learning that pupils use at school. A scientist is an expert in one area of science who uses the scientific method to conduct research for giving answers to unknown problems from a rational, strongly scientific perspective. But the goal of science education is to develop pupilsí capacities to function as responsible citizens in a world increasingly affected by science and technologies in the context of SD. A lot of cognitive research has stressed that people learn by creating their own understanding and need to develop these different ways of thinking by means of extended, focused mental effort (Wieman, 2007) .
The difference between a scientistís view of nature and a pupilís view of the everyday world defines a fundamental difference between the traditional science curriculum and an integrated science curriculum. The principle of integration and systemic approach are the general conditions for designing a new composition of school science content aiming to achieve multidimensionality of scientific literacy in the context of SD. The principle of the integration is based on the principles of unity and diversity of nature. Only human beings fragment nature in their minds for cognition and awareness.
Integrative approach focuses on more general phenomena bringing their content together in order to create a view integrating interactive processes of ecosystem and spiritual principles (Salite, 2000) . Spirituality is the dimension of education focusing on the development of intelligence/thinking/learning and creating the individualsí arrangements of context, space and time (Salite, 1998) .
The role of context is emphasized by many researches. Campbellís and his colleagues (1994) argument to set science in context, has not to be seen solely as a means of motivating more students to study science. It also expresses a desire to provide students with a more authentic picture of science, and of its role in peopleís lives, and encourages them to connect science learning with the rest of their lives (Campbell et al., 1994) .
Regarding ìthe importance of context and structureî Bruner (1960) Context is specific; science is general. Context is merely a tool, not the goal; it is the starting point of the learning process. In other words, the contextual approach stresses connecting learning with the real world. Psychologists ñ including Lev Vygotsky and his colleagues Alexander Luria and Aleksei Leontíev ñ have argued that cognition does not exist outside the life process that in its very nature is a material, practical process. The reflection of reality arises and develops in the process of the development of real ties of cognitive people with the human world surrounding them; it is defined by these ties and, in its turn, has an effect on their development (Leontíev, 1978) .
Contextual Teaching and Learning (CTL) is based on situated cognition research which has found that constructivist processes such as critical thinking, inquiry learning, and problem solving should be situated in relevant physical, intellectual, and social contexts (Glynn & Winter, 2004) . According to contextual learning theory (CORD, 2007) , learning occurs only when students (learners) process new information or knowledge in such a way that it makes sense to them in their own frames of reference (their own inner worlds of memory, experience, and response). CTL is a constructivist approach to learning in that it focuses on knowledge that is highly contextualized and relevant to students. This approach to learning and teaching assumes that the mind naturally seeks meaning in context, that is, in relation to the personís current environment, and that it does so by searching for relationships that make sense and appear useful. In such an environment, students construct meaningful relationships between their previous understanding, ideas, scientific concepts, and practical applications in the context of the real world, and SD. The contextual approach recognizes that learning is a complex and multifaceted process that goes far beyond drill-oriented, stimulusand-response methodologies (CORD, 2007) . The learners have an opportunity to select and transform information, construct hypotheses, and make decisions, relying on a cognitive structure to do so. This implies opportunities for authentic, inquiry-based learning activities in which the learner extracts meaning from experience. It implies the implementation of an integrated, systemic, and contextual approach for creating natural science education curriculum.
The science content integrates cognitive, personal, and social dimensions of education. The cognitive dimension includes experimental knowledge, hypotheses, scientific theories, laws, and empirical observations, as well as the values that underlie them (for example, accuracy, coherence, fruitfulness). The personal dimension encompasses the intellectual capabilities of each individual such as critical thinking, logical reasoning, creative problem solving, and decision making in daily life. The social dimension incorporates social responsibility in collective decision-making and presupposes the responsible action on issues related to science, technology, economics, and environment. General understanding of science is important for the development of economical and ecological thinking and awareness. Decisions and actions arise from both knowledge and understanding of values.
Conception and model of integrated natural science curriculum
The conception of integrated natural science curriculum is based on well-known hierarchical structures of physics ñ micro-world, macro-world, and mega-world. This approach allows integration of the main concepts and regularities of physics, chemistry, biology, geography, and astronomy in the context of interaction between human beings, society, technology, and the environment.
The integrated natural science curriculum was created gradually. As the first step, the author of article created an integrated physics curriculum for humanitarian and social education programs containing following units: 1) Introduction. Science as the experience of humanity; 2) Universe and gravitation phenomena; 3) Structure of matter and its properties; 4) Energy; 5) The concept of balance; 6) Waves; 7) Radiation (Ионане, 2000: 38) . This experimental program was implemented in several secondary schools of Latvia since 2000.
During the second step the author acted as the expert for the EU/ESF project Production of Educational Content and Promotion of Teacherís Qualification in Science, Mathematics and Technology and participated in designing integrated natural science education standards and curriculum. The group of experts consisted of four physics teachers, four chemistry teachers, and three biology teachers. The discussions helped to select the concepts of physics, chemistry, biology, geography, and astronomy significant for every person and to structure them into integrated themes. The sequence of themes has been chosen in order to create a necessity to refer to the previously acquired knowledge, thus realizing the spiral principle.
During the third step the tasks for the simultaneous development of skills, attitudes and individual, social, economical, and ecological context of scientific knowledge were determined. Some examples of different contexts for creating attitudes as the main aspect of scientific literacy are shown in Table 1 . During the first year of secondary school integrated natural science, the curriculum is focused on the main concepts characterizing the micro-world. The last theme ìKinds of materials and their propertiesî serves as a bridge between the micro-world and the macro-world and provides an opportunity to acquire the theme in strong connection with daily life. During the second year pupils can acquire the main aspects of macro-world. The curriculum for 12th grade comprises the main themes common for all natural science disciplines such as evolution, energy, and main aspects of the Universe.
Methodology of the study
The group of science teachers (N=22) was introduced to innovative ideas on aims, content, strategy and methodology for science education during seminars and encouraged to test the new approach in their classrooms. The seminars were organized within the framework of Project coordinated by the National Centre of Educational Content
Mega-world
Macro -world and Examination. The participants of this group were physics, chemistry, and biology teachers with experience in pedagogical work. They were selected from secondary schools or gymnasiums from all regions of Latvia.
The purpose of the research was to explore teachersí views about a new approach for a science curriculum after two years of practice. The study solicited the teachersí opinions on their realization of the principles of integration and the contextual approach in science teaching/learning process, and their role in process of science education changes. The sample consisted of 16 teachers who had participated in the approbation of natural science curriculum in grade 11, and six teachers who implemented this curriculum in grades 10 and 11. Teachers were asked to fill out a survey consisting of seven statements, by answering Yes, More yes than no, More no than yes, or No. The teachers wrote their comments about each of the statement recalling their practice.
One of the most essential criteria of the quality of curriculum is the learning achievements of pupils. In spring of 2007, four classes from secondary schools and gymnasiums (n=93) who were taught natural sciences by an integral approach participated in diagnostic testing. The same test was performed by the pupils from three control classes (n=68) for whom the natural sciences were taught in traditional way. Teachers of natural science working with experimental classes were supplied with recommendations and practical suggestions how to use the contextual approach in order to master the curriculum of natural science.
The test contained integral tasks aimed to discover the level of pupilsí knowledge, formal (algorithmic) skills and higher order cognitive skills (ability to analyze, create, and evaluate) (Zoller, 1995) . The tasks ñ tools for measurement ñ asked for explanations of the natural and technical processes, the conditions of these processes and determining factors. The test measured studentsí skills for using verbal and visual information to create and use models. The tasks were aimed to test the pupilsí skills in transferring their knowledge about natural sciences to new situations, and to show comprehension dealing with complex tasks. The pupilsí achievements after two yearís experimental work were analyzed considering six levels of cognitive competences according to Bloomís taxonomy (L1 ñ remember facts, concepts, and terms; L2 ñ understanding of scientific concepts; L3 ñ ability to apply knowledge, L4 ñ ability to analyze; L5 ñ ability to create; L6 ñ ability to evaluate) (Bloom, 1956) . The test results were analyzed quantitatively using SPSS software. Table 2 reflects the distribution of teachersí answers on seven statements included in the survey on teachersí views on implementation of integrated science curriculum and importance of contextual approach during learning process. The teachersí answers were analyzed considering three aspects: 1) their opinions about the changes in organization of natural science content inferred from the practical implementation of this content; 2) teachersí opinions about innovative approaches to the organization of teaching/learning process; 3) problems concerning the implementation of integrated science curriculum and constructivist learning strategies. 1 st aspect: changes in organization of natural science content. The majority of science teachers accept the concept of an integrated approach to science teaching/learning in humanitarian and social or vocational education programs. They distinguish the two main benefits of contextual approach: science education goals are related to SD and pupilís motivation towards meaningful learning.
Results of research

Teachersí survey
2
nd aspect: teachersí opinions about innovative approaches. The majority of teachers are aware of the necessity to introduce new learning strategies in order to reach the educational goals. Only few teachers would like to use traditional content-centred approach more often, because they have a rich experience with this approach and they are quite reluctant to introduce innovations. Traditional science knowledge itself is not a value for pupils. Referring to the experience of many teachers, pupils would like to see the significance of science knowledge in their daily life and itsí applicability for real life problem solving. Therefore, teachers accept the necessity to choose and analyze pupilsí everyday experience and socially important themes related to science. A contextual approach increases pupilsí contribution to their learning about different issues. It is key to acquire the main scientific concepts, cognitive and social skills, and to form attitudes. It creates the possibility to shape learnersí responsible actions on issues related to science, technology, economics, and environment. All of these aspects are important to promote scientific literacy. The majority of teachers considered the necessity for pupils to acquire a scientific thinking style. According to Aikenhead (2005) , the majority of pupils do not think as scientists. They do not want to think like a scientist, but they like to learn by using traditional scientific methods ñ observation, experiment, and inquiry. Probably for many teachers, scientific thinking style is associated with introducing learner-oriented and inquiry-based learning activities.
3
rd aspect: problems associated with the implementation of integrated science curriculum and constructivist learning strategies. The survey shows that the teachers comprehend the necessity of reforming the science curriculum in order to promote the scientific literacy in the context of SD. The survey indicates the difficulties encountered by some teachers: there are many good initiatives in organizing science education, but to implement it, they must learn many things themselves. They had to evaluate all science themes and choose the most suitable teaching strategy, too. Some teachers had difficulties with finding out an appropriate context regarding pupilsí interests, science content, and societyís needs. The majority of the teachers indicate the necessity of qualitative teaching/learning aids.
Learning achievements of pupils
The results of pupilsí diagnostic testing obtained in control and experimental groups revealed statistically significant differences on four levels of pupilsí cognitive competence. The differences are confirmed regarding the pupilsí knowledge of facts, concepts, and terms (L1) and creative or higher level cognitive skills (L4; L5; L6). However, there are no statistically significant differences in understanding of scientific concepts (L2) and ability to apply knowledge (L3). The distribution of the correct answers to the L1 questions in the group C corresponds more to the normal distribution in comparison with the group E where 66% of pupils have given four or five correct answers. In the group C such result is observed only for 35% respondents. It could be explained by larger number of pupils from the group E accurately repeating concepts and terms before the test.
The mean level of remembering facts and terms for the pupils from the group E is 75%, but for the pupils from group C ñ 61%.
The understanding of scientific concepts was measured by L2 questions, and ability to apply knowledge ñ by L3 questions. The mean level of understanding of the scientific concepts is 67% in group E and 72% in group C, ability to apply knowledge ñ 54% in group E and 57% in group C. The difference of L2 and L3 results in both groups is not statistically significant.
The pupils from group C show slightly better results in understanding and usage of knowledge completing formal tasks than group E. It means that the low order cognitive skills (to use knowledge in standard situation) are mainly developed by traditional science teaching/learning process since the level of creative or high order cognitive skills for this group is low. Keeping in mind that for group E creative skills have reached a higher level, the low order cognitive skills for this group is about the same as for the group C.
However, the large and statistically significant difference was found comparing the performance on creative tasks or higher order cognitive skills (L4; L5; L6): the mean level of performance in group E ñ 54.3%, in group C ñ 31.3%. The pupils from the group E were much more successful in formulating a research problem about risks of breathing when mountain climber goes up to mountain. They set the research hypothesis relevant for this specific situation, got information from the text and justified the changes of breathing processes dependent on height above sea level. The statistically significant difference between the two groups in learning achievements related to the application of creative skills dealing with tasks connected with their daily life leads to the conclusion that the application of the contexts fosters the skills of pupilsí creative activities.
Science teaching/learning in different classes was organized by different teachers. The ANOVA test was applied to consider the influence of teachersí personality on pupilsí learning achievements regarding all levels of cognitive competence in both groups of pupils. The results of this test are shown in Table 4 . ANOVA test shows values of a >.005 for five levels of cognitive competence in the group E and for all levels in group C. It means that there are no statistically significant differences between pupilsí achievements in different classes in both groups. The teachersí influence to pupilsí achievements is not significant. Only statistically significant difference was found out between the experimental group classes testing their level of understanding of scientific concepts. Probably, some of group E teachers traditionally paid more attention also to developing pupilsí skills to use scientific knowledge in standard situation.
Conclusions
An integrative approach to the natural science curriculum for pupils who will not become professional scientists, engineers, physicists, etc. is a better way for acquiring scientific literacy. The goal of school natural science is to develop responsible citizens who understand the individual and social context of science and technology. It focuses on the development of each pupilís individual potential and understanding values, not the acquisition of only a rational view of reality from a strongly scientific perspective. Diagnostic test proved a lower level of pupilsí higher order cognitive skills in control classes and higher level of these skills in experimental classes. The experimental classes were taught using a contextual and integrated approach for curriculum development and organization of learning. Constructivist strategies were also implemented. The t-test pointed out the significant difference between the experimental and control groups. Therefore, the application of a contextual and integrated approach in science teaching/ learning essentially influences the development of higher order cognitive skills such as pupilsí ability to analyze, create, and evaluate. These skills are important to develop scientific literacy and are significant for daily life cognitive competences ñ critical thinking, logical reasoning, creative problem solving, and decision-making. These competences are necessary and possible to develop and promote while learning science. Teachers agree with researchersí conclusions about the necessity to select a context that is meaningful for the pupil and is connected with acquired knowledge in order to promote pupilsí motivation at the first steps of learning. Other aspect of contextual approach is building understanding about interactions between society, technology, and environment and developing personal responsibility in collective decision making on issues related to science and technology. However, teachers are not always ready to find out relevant or thrilling contextual examples in order to generate a natural need to acquire basic scientific concepts or illustrate the role of scientific knowledge in understanding daily lifeís or global problems. For teachers this approach is more difficult than to teach separate subjects. Teachers are specialized in one or two traditional science disciplines ñ biology, chemistry or physics. They have very little experience in teaching integrated natural science subject in connection with needs of contemporary society and our world increasingly affected by science and technologies.
To raise the awareness of a necessity to change the science education goals, more time is needed. In connection with the educational goals, changes elicit a need to select more effective content composition including advanced interdisciplinary themes, to find new methodological approach to carry out teaching/learning processes, and to create sustainability oriented science textbooks.
There is an urgent need to reconstruct models of science teacher training and to think about new approaches towards updating natural science teachersí professional education. Science educators need to renegotiate conventional school science and replace it with a school science that develops responsible citizens who understand the social context of science and technology.
